The Fazenda Brasileiro gold mineralization is hosted by a gabbroic sill, intrusive into metavolcanicmetasedimentary rocks of the Rio Itapicuru Greenstone Belt, São Francisco Craton. The 2.05 Ga old mineralization is associated with intense shearing and hydrothermal alteration, and the host gabbro is altered to a series of rocks rich in sericite, chlorite, actinolite, carbonate and quartz.
INTRODUCTION
During the last two decades, the Sm-Nd isotopic systematics has been applied to investigate the most varied aspects of crustal evolution, such as the petrogenesis of granite batholiths , continental crust formation and growth, sediment provenance, origin of ore deposits, age of metamorphic events, among others (e.g. De Paolo and Wasserburg 1976 , DePaolo 1981 , Dickin and McNutt 1989 , Murphy and Nance 2002 , Pimentel et al. 2001 , Stern 2002 , Thorogood 1990 ).
The systematics is based on the alpha decay of 147 Sm to 143 Nd (λ 147 Sm of 6.54 × 10 -12 /year).
Both parent and daughter elements are light rareearth elements with similar ionic radii and valencies.
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MÁRCIO M. PIMENTEL and MARIA DA GLÓRIA SILVA Contrasting with other natural decay systems, the geochemical properties and behavior of the parentdaughter pair are very similar and the Sm/Nd ratio is normally considered to be resistant to changes due to intracrustal processes. This enables the calculation of T DM model ages which are able to provide information on the age of regional crustal formation events, although it has been demonstrated that model ages not always equate to crust formation ages, and that they may only be used with caution. It is generally believed, however, that some processes such as the fractionation of LREE-bearing phases (monazite or allanite) or intense hydrothermal alteration can indeed modify substantially the Sm/Nd ratio of a rock (e.g. Pimentel and Charnley 1990) and, therefore, interfere with Sm-Nd model and isochron age calculations. The Sm-Nd system has often been used to date mafic and ultramafic complexes. During crystallization of mafic magmas, Nd is slightly more incompatible than Sm, becoming relatively more enriched in the residual liquids. Therefore, the most differentiated melts have lower Sm/Nd ratios, enabling the construction of whole-rock Sm-Nd isochrons. For a group of whole-rock samples from the same magma source, which has not been substantially affected by subsequent alteration events, the isochron diagram yields the crystallization age of the complex. However due to the natural limited variation in Sm/Nd ratios, the Sm-Nd isochron age data are always less precise than those obtained with other methods such as U-Pb in zircon and badelleyite or the Ar-Ar method. The advantage is that the isochron also indicates the initial isotopic composition of the system, converted to ε Nd value, which has significance to the petrogenesis of the original magma and to tectonic interpretations.
The calculation of reliable Sm-Nd whole-rock isochron ages for igneous rocks depend on the assumption that Sm/Nd ratios of the samples used have not been substantially modified by metamorphism, hydrothermal alteration or weathering. Different degrees of alteration in the rock samples investigated may variably alter their Sm/Nd ratios, and, in such cases, significant scatter in the isochron diagram should be expected, preventing construction of the isochron. In this study we report Sm-Nd isotopic data for whole-rock samples of extremely and variably hydrothermally altered and metamorphosed mafic complex, transformed mostly into micaschists, which hosts the Paleoproterozoic Fazenda Brasileiro gold mineralization, Itapicuru greenstone belt, Bahia. Samples representing varied degrees of hydrothermal alteration were analyzed and the resulting data represents an example of robust behavior of the Sm-Nd system even after extreme hydrothermal alteration.
GEOLOGICAL SETTING
The Rio Itapicuru Paleoproterozoic Greenstone Belt
The Rio Itapicuru greenstone belt is located in the northeastern part of the São Francisco Craton (Figure 1) .
The Itapicuru volcano-sedimentary sequence and associated granite-gneiss terrains underlie an area of ca. 8400 km 2 consisting mostly of strips of supracrustal rocks extending in the NNW direction. Only in the southern part of the belt the foliation has an EW regional trend. These supracrustals are associated with tonalitic-granodioritic gneissic units forming the gneissic basement, and are intruded by large N-S elongated granitoid domes ( Figure 2) . A complete review of the Rio Itapicuru sequence and its gold mineralization was presented by Silva et al. (2001a, b) . The supracrustal sequence of the Rio Itapicuru greenstone belt was initially compared to Archean greenstone belt sequences during the pioneer geological studies carried out in the 70's (Mascarenhas 1973, Kishida and Riccio 1980) when the Rio Itapicuru Greenstone Belt was characterized. Later geochronological studies have revealed the Paleoproterozoic age of the Rio Itapicuru volcanic rocks and associated granitoid domes (Brito Neves et al. 1980 , Silva 1992 , 1996 , Mello 2000 .
The volcano-sedimentary pile can be divided (Silva 1987) . Wholerock Rb-Sr and Pb-Pb isochrons for meta-andesites and metabasalts indicated ages of ca. 2.09 and 2.21 Ga, respectively (Brito Neves et al. 1980 , Silva 1992 , 1996 . Sm-Nd T DM model ages between 2.1 and 2.2 Ga for the mafic and intermediate rocks, positive values for ε Nd , as well as the low initial 87 Sr/ 86 Sr ratio for meta-andesites, indicate the primitive, oceanic, character of the igneous protoliths (Silva 1996) . The supracrustal and regional gneissic terrains were intruded by a number of granitoid bodies forming dome-like structures, elongated in the N-S direction (Figure 2 ). The intrusions vary in composition from calk-alkaline rocks to alkali-rich and shoshonitic granitoids. SHRIMP and conventional U-Pb ages for the domes are within the interval between ca. 2.15 and 2.08 Ga (Batista et al. 1998 , Alves da Silva 1994 , Chauvet et al. 1997 , Mello 2000 . Archean inheritance is observed in some of the northern intrusions, such as the Ambrósio dome (Mello 2000) .
Metamorphic mineral assemblages in the supracrustal rocks indicate an early low-grade, ocean floor alteration event originating spilites, followed by a regional metamorphic event at the greenschist facies conditions in the central part of the volcano-sedimentary belts and amphibolite facies conditions near the contacts with the granitoid domes. The regional metamorphic event was dated by the Ar-Ar method on hornblende at ca. 2.08 Ga (Mello 2000) .
THE FAZENDA BRASILEIRO Au MINERALIZATION
The Fazenda Brasileiro gold mineralization is located in an EW section of the supracrustal sequence, in the southern part or the Rio Itapicuru greenstone belt and is mainly hosted by a differentiated gabbroic sill, emplaced along the contact of mafic and felsic metavolcanic rocks (Kishida et al. 1991) . It is the most important deposit of the volcano-sedimentary sequence, having produced ca. 53 t of gold since 1984. The mineralization is associated with an EW shear zone and intense quartz veining and hydrothermal alteration, which have transformed the host gabbro into a series of hydrothermal rocks such as: (i) quartz-chlorite-actinolite schist with variable amounts of magnetite, known as CLX, which represents the main direct host of the mineralization, (ii) sericite-chorite-actinolite-carbonate schist (CAX), and (iii) albite+carbonate+sulfide rock cut by quartz veins with gold, known as SUF, which represents the main ore zone. Hydrothermal muscovite was dated with the Ar-Ar method and revealed the ages of 2050 ± 4 Ma and 2054 ± 2 Ma, representing the best estimate available for the age of hydrothermal alteration (Mello 2000) .
The work by Silva et al. (2001b) , based on trace element data, reveals very similar REE patterns for the metagabbros, CLX, CAX and SUF (see Figure  30 in Silva et al. 2001b) . REE patterns are generally flat, with a small but noticeable enrichment in the LREE. However, different REE contents are observed for these lithologies, with the metagabbros showing the lowest REE. REE contents increase towards CAX and CLX and are the highest in the SUF rock. This has been interpreted as an original igneous feature, resulting from magmatic differentiation of the gabbroic sill. Negative Eu anomalies are common in the most hydrothermally altered rocks, and have been explained by the complete substitution of Ca-rich plagioclase by alteration products such as albite, carbonate and white mica (Silva et al. 2001b) . This means that the hydrothermal alteration affecting the gabbroic sill was unable to significantly modify the REE patterns, a feature which is relevant to Sm-Nd geochronology.
SAMPLES AND ANALYTICAL PROCEDURES
All samples used in this study come from two drill cores in the Fazenda Brasileiro gold mine. They represent fresh, unweathered, examples of rocks which suffered varied degrees of hydrothermal alteration, ranging from metagabbros to micaschists (hydrothermalites). Samples MGB (metagabbro) show preserved igneous sub-ophitic textures, while samples CAX and CLX are direct products of transformation of the gabbro. Sample SUF represents the sulfide-and quartz vein-rich ore zone.
Sm-Nd isotopic analyses followed the method described Gioia and Pimentel (2000) Table I . Twelve samples of the several petrographic types associated with the gold mineralization (MGB, CLX, CAX, SUF) were studied. Samples analyzed have 147 Sm/ 144 Nd ratios varying between ca. 0.14 and 0.22 and their REE concentrations, roughly agrees with the observed by Silva et al. (2001a, b) : metagabbro samples have low LREE contents (Sm between 1.0 and 1.6 ppm and Nd between 3.2 to 4.6 ppm), while CLX and SUF hydrothermal rocks have higher concentrations of LREE. Nd concentrations in the CLX are between 3.3 and 27.5 ppm and is 23.7 ppm in the SUF sample. This increase in REE concentrations is not accompanied, however, by a change in the Sm/Nd ratio, with all petrographic types presenting wide variations in 147 Sm/ 144 Nd values.
RESULTS

Sm-Nd isotopic results are listed in
A regression line with all twelve analytical points resulted in a reasonably well defined isochron (MSWD = 1.9) indicating the age of 2142 ± 47 Ma (1σ ) and ε Nd (T) of +1.2. The age is similar to those Pb-Pb and Rb-Sr isochron ages available in the literature for these rocks (Silva 1996 , Brito Neves et al. 1980 . The positive ε Nd (T) value is also compatible with the preliminary data from Silva (1996) , which found ε Nd (T) values between +2 and +4 for mafic metavolcanics of the Fazenda Brasileiro region. Regression calculated only with the hydrothermalites CLX and CAX yield an identical isochron age of 2148 ± 57 Ma (1σ ), with ε Nd (T) of +1.2, and three samples of fairly preserved metagabbro define a line with a slope indicating the age of ca. 2.18 and ε Nd (T) of +1.1. Therefore, despite intense hydrothermal alteration, important scatter of analytical points in the Sm-Nd isochron diagram is not observed, and the Sm-Nd isotopic system indicates the age of the original igneous rock.
The positive value for the ε Nd (T) suggests lit- tle or no contamination with older crustal material. The fact that the ore rich zone (SUF) also aligns, within uncertainties, along the same regression line, suggests that the ore metals and the mafic magmas are cogenetic.
CONCLUSIONS
The Sm-Nd isotopic results presented in this study, associated with previous REE studies on the same rocks samples (Silva et al. 2001b) , allow the following conclusions: 
